INTRODUCTION
============

Recently, stem cell is the much-anticipated research area especially in cell-based therapeutic strategies,[@B1] and we can obtain the stem cell from several tissues like bone marrow, umbilical cord, adipose and periodontal ligament.[@B2],[@B3] As already known, bone marrow derived mesenchymal stem cells (BMMSCs) have self-renewal capacity and pluripotency so that they can differentiate into other types of cells such as bone cells, cartilage cells and adipose cells.[@B1],[@B4],[@B5]

However, the main issue of BMMSCs is how we can get more cells effectively. The isolation and proliferation of MSCs from mouse, human and other species has been more difficult owing to the cultures contaminated by the unexpected non-MSCs for several passages.[@B6],[@B7] A number of techniques have been developed to isolate MSCs and improve the purity.[@B6] Based on the technique, a novel way was introduced that change the media composition.[@B8]

Numerous factors can contribute to the cell attachment and growth. Fetal bovine serum (FBS) which is a ubiquitously used essential component for animal cell culture contains hormones, growth factors and adhesion-promoting molecules like fibronectin and vitronectin.[@B9],[@B10] Another interesting factor, 1α, 25-dihydroxyvitamin (VD3), regulates cell proliferation and differentiation,[@B11] and its effects may vary with different types of cells.[@B12] Moreover, the growth factor, like recombinant human epidermal grow factor (rhEGF) is also thought as the enhancer of the growth rate.[@B13]

However, till now, no research has completely analyzed the most suitable density of the above three factors for mBMMSC culture. The present study was therefore conducted to focus on the mBMMSCs\' response to different concentration of FBS, VD3 and rhEGF in order to make the conclusion regarding which density is the best condition for the cell growth.

MATERIALS AND METHODS
=====================

Six to eight weeks specific pathogen free (SPF) grade C3H female mouse weighting 20-25 g were used in this study and fed on a standard diet. The animal husbandry and all procedures performed by the institutional animal care and use committee of the Seoul National University School of Dentistry and conducted according to National Institute of Health guideline.

As the protocol[@B14],[@B15] described, BMMSCs were obtained from C3H mouse femur and tibia. All study procedures were approved by the Institutional Review Board at Seoul National University School of Dentistry (IRB No. SNU-130312-1).

To isolate bone marrow, general anesthesia was done by Ketamine (100-200 mg/kg). Then, the animal skeleton was rinsed with 70% ethanol, followed by making an incision close to the hind limbs where they attach to the trunk and striping the skin by pulling toward the foot, which is cut at the anklebone. This eliminates further contact of the hind limb with the animal\'s fur, which is a source of contamination. Then, the hind limbs from the trunk of the body were dissected by cutting along the spinal cord with care not to damage the femur. Dissected limbs were stored on ice pack in phosphate-buffered saline (PBS, Gibco by Life Technologies, Grand Island, NY, USA) containing dish and further dissection of the hind limb was performed under the hood. Each hind limb was bisected by cutting through the knee joint. The muscle and connective tissue were removed from the tibia and the femur with forceps.[@B14]

Harvesting of the bone marrow was done in a hood using appropriate sterile technique as follows: Firstly, wipe the bone with napkin which is moist by 70% ethanol. Then, cut the ends of the tibia and femur just below the end of the marrow cavity using scissors. Insert a 27-gauge needle attached to a 10-mL syringe containing serum free media (SFM)-(without FBS) into the cut end of the bone. The reason for using SFM is to except the interference of FBS for we test the effects of different density of FBS. Flush the marrow plug out of the cut end of the bone with SFM and collect into a 15-mL tube on ice. Filter the cell suspension through a 70 µm nylon filter mesh (BD Falcon, BD Biosciences-Discovery Labware, Frankin Lakes, NJ, USA) to remove any bone trivial debris or muscle and cell clumps.[@B14] The cells were treated with ACK lysing buffer (Lonza, Wakersville, MD, USA) for 5 min and centrifuged at 1500 rpm (4℃) for 5 min so that the interference of other cells especially hematopoietic cell can be avoided. The yield and viability of cells were determined by Trypan blue (Gibco by Life Technologies, Grand Island, NY, USA) and the cell number was counted using hemocytometer. The mBMMSCs were primary seeded at a density of 10^6^ in 60 mm^2^ dish and cultured in different conditional media: (1) alpha Minimum Essential Medium (α-MEM)(Gibco by Life Technologies, Grand Island, NY, USA) supplemented with different density (0%, 1%, 5%, 10%, 20%) of fetal bovine serum (FBS)(Equitech-Bio, Inc., Kerrville, Texas, USA), 1% Antibiotic-Antimycotic (Gibco by Life Technologies, Grand Island, NY, USA), 1% L-glutaMAX (Gibco by Life Technologies, Grand Island, NY, USA), 0.1% 2-mercaptoethanol (Gibco by Life Technologies, Grand Island, NY, USA); (2) alpha Minimum Essential Medium (α-MEM) supplemented with 10% FBS media combined with different density (0 nM, 1 nM, 10 nM, 100 nM) of 1α, 25-dihydroxyvitamin (VD3)(Cayman Chemical, Ann Arbor, MI, USA), 1% Antibiotic-Antimycotic, 1% L-glutaMAX, 0.1% 2-mercaptoethanol; (3) alpha Minimum Essential Medium (α-MEM) supplemented with 10% FBS media combined with different density (0 ng/mL, 20 ng/mL, 200 ng/mL) of recombinant human epidermal growth factor (rhEGF) (Prospec, East Brunswick, NJ, USA), 1% Antibiotic-Antimycotic, 1% L-glutaMAX, 0.1% 2-mercaptoethanol. The cells were incubated at 37℃ in 95% humidified air and 5% CO~2~.

After 72 hours, non-adherent cells were removed by washing with phosphate-buffered saline (PBS) twice and fresh media was added.

The cells cultured in different media condition were tested for colony forming potential. 10^6^ freshly isolated BMMSCs were seeded in each plate. After 14 days, the cultures were washed with PBS twice and stained with 1% toluidine blue solution in 2% paraformaldehyde (PFA, Wako Pure Chemical industries, Ltd., Osaka, Japan), then incubated at room temperature (RT) on rocker for overnight. A cell cluster that had more than 50 cells was counted as a colony under microscopy. All experiments were repeated in triplicate.

The proliferation rate of mBMMSCs cultured in the presence of 1α, 25-dihydroxyvitamin (VD3) was measured by 3-(4,5-dimehylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay. Briefly, freshly isolated mBMMSCs (10^4^ cells each) were seeded in 96-well plastic culture plates and incubated in 200 µL α-MEM supplemented with different density (0 nM, 1 nM, 10 nM, 100 nM) of VD3 for 1 day, 4 days, 7 days, 10 days, 14 days. Cell proliferation was determined using CellTiter 96 Aqueous One Solution Reagent (Promega, Madison, WI, USA). At every point, after removal of the media, wash with PBS (twice) and add 100 µL SFM with 20 µL MTS solution and incubated for 1-4 hours at 37℃. Formazan absorbance was read at 490 nm using a plate reader and software Accent/MTS. All experiments were repeated in triplicate.

All data were expressed as mean ± SD. Differences between groups were analyzed by using the one-way ANOVA (SPSS version 21.0 for windows 7) with a *post hoc* Turkey test and were considered statistically significant at *P*-values of less than .05.

RESULTS
=======

mBMMSCs were harvested from C3H mouse and after 72-hour culture, primary cells attached and non-attached cells were eliminated by PBS washing with media changing. The stem cells formed spindle-like shape and gradually proliferated ([Fig. 1](#F1){ref-type="fig"}).

After the mBMMSCs cultured in different density of FBS media, VD3 media and EGF media for 14 days, they represented different growth rate respectively. Light microscopy ([Fig. 1](#F1){ref-type="fig"}) showed that cells cultured in 0%, and 1% FBS gradually died and did not form the colony. With the FBS concentration increasing, the proliferation rate also improved simultaneously and in 5% FBS, the colony began to form. In 10% and 20% FBS, the cell proliferation was significantly increased and the 20% dishes had the higher proliferation than 10% dishes. The toluidine blue staining ([Fig. 2](#F2){ref-type="fig"}) also proved the aforementioned results.

Light microscopy ([Fig. 3](#F3){ref-type="fig"}) showed that the proliferation of cells cultured in different density of VD3. The cell number increased with increasing of VD3 concentration from 0 nM to 10 nM and the cell number did not change any more in 100 nM, but the difference was not statistically significant. The toluidine blue staining ([Fig. 4](#F4){ref-type="fig"}) showed the same trend. Light microscopy ([Fig. 5](#F5){ref-type="fig"}) showed that the media containing with EGF accelerates the cell growth, and the media supplemented with 20 ng/mL EGF had the highest cell proliferation compared with 0 ng/mL and 200 ng/mL EGF. The toluidine blue staining ([Fig. 6](#F6){ref-type="fig"}) also indicated that the 20 ng/mL EGF dish had the most colony numbers compared with the other two dishes.

[Fig. 7](#F7){ref-type="fig"}, [Fig. 8](#F8){ref-type="fig"} and [Fig. 9](#F9){ref-type="fig"} showed the statistical results of colony number after staining. [Fig. 7](#F7){ref-type="fig"} showed that the cell proliferation of 20% FBS was significantly higher than that of 10% FBS and 5% FBS (*P*\<.05). [Fig. 8](#F8){ref-type="fig"} showed that the difference between the growth in 0 nM, 1 nM, 10 nM and 100 nM VD3 was not statistically significant (*P*\>.05). [Fig. 9](#F9){ref-type="fig"} showed that compared with remaining two groups, the cells cultured in 20 ng/mL EGF exhibited significant increase in cell viability (*P*\<.05).

The additional proliferation assay was conducted to further analyze the function of VD3 on mBMMSC. MTS result ([Fig. 10](#F10){ref-type="fig"}) showed that the cell increased over time. At every point, the VD3 did not play the significant effect (*P*\>.05). At day 10, the 10 nM VD3 effect was apparently higher than any other group. But, at day 14, the cell growth rate was all decreased. None specific consequent achieved from this study.

DISCUSSION
==========

In this study, we described cellular response to the culture media containing different density of FBS, VD3 and rhEGF. There are several benefits of doing this experiment. First, since the mouse bone marrow mesenchymal stem cell is still difficult to many researchers,[@B7] in this study, we introduced a novel way of supplementing different components into the culture media so that the primary isolated cell number and cell growth rate can be increased.

Previous studies only paid attention to modify the isolation protocol such as employing a centrifugation step,[@B16] the method of plastic adherence,[@B17] immunodepletion way,[@B18] frequent media changing,[@B6] and changing the plating density.[@B19]

Additionally, we choose the FBS, VD3, rhEGF which are very common and can be easily obtained. Conventionally, the MSCs were cultured in FBS containing media which was considered as the basal growth medium in animal cell culture.[@B20] Tropel et al.[@B20] indicated that when the mouse bone marrow stem cells were cultured without serum, they showed senescence signs and died in few days. Li et al.[@B21] published the article about rat bone marrow mesenchymal stem cells cultured in different density of FBS. In the research, they used 10%, 11% and 15% FBS culture medium and finally they found that a serum concentration of 11% is preferential for bMSC propagation. Our experiment also proved some of this point. We designed 0%, 1%, 5%, 10%, 20% five different density of FBS culture medium. In our experiment, the cells cultured in 0% and 1% FBS media were almost impossible to grow, and along with adding more FBS, the cells were gradually grown more quickly and amplified. In 10% FBS media, the cell proliferation was visibly increased and 20% FBS media had stronger effects on cell growth than 10% FBS media. These results indicate that the mBMMSCs could not grow well without FBS and FBS play a pivotal role in cell culture.

1α, 25-dihydroxyvitamin D3 (VD3), the hormonally active form of vitamin D, is a member of a lipophilic family of ligands and is essential for human metabolism.[@B22] Except for its role in calcium and skeletal homeostasis, the evidence increased about its potential for osteoblast differentiation[@B23] and anti-proliferation.[@B24],[@B25] In previous study, Artaza et al.[@B26] cultured mouse C3H 10T1/2 multipotent mesenchymal cells (MMCs) in 10 nM, 25 nM, 50 nM, 100 nM and 500 nM or without VD3 culture medium for 4 days and determined cell proliferation. Their results indicated that starting at 25 nM, VD3 induced a statistically significant reduction in cell number reaching a plateau at 100 nM. Okuno et al.[@B12] also did the research about culturing a murine myogenic cell line C2C12 in 0 nM, 1 nM, 10 nM, 100 nM VD3 containing medium and the results showed that VD3 inhibited the proliferation of C2C12 myoblasts in a dose-dependent manner over 72 hours. So in our study, we used the VD3 to investigate its effect on mouse bone marrow stem cells. We also used 0 nM, 1 nM, 10 nM, 100 nM four different VD3 containing medium. In our study, the cell number slightly increased with increasing of VD3 density, but it no longer increased after exceeding the density of 10 nM. For a more in-depth analysis, except for colony forming unit assay, we performed another MTS assay. But the data did not reveal statistical significance which means that VD3 had little effects on mBMMSCs.

In previous research, several growth factors have been introduced in stem cell culture like VEGF, FGF-2, PDGF and EGF.[@B20],[@B27],[@B28],[@B29] In our study, we choose the EGF for it is inexpensive and easy to manipulate.[@B28] Very recently, You et al.[@B30] did the research about whether epidermal growth factor gene-transfected mesenchymal stem cells (EGF-MSC) would accelerate fibroblast migration and proliferation. The study suggested that EGF increased expression of cell adhesion molecules and had a positive influence on cell migration and proliferation. In another study, Bressan et al.[@B31] used 20 ng.mL-1 EGF supplemented with 40 ng. mL-1 FGF2 to culture mouse epidermal neural crest stem cells (EPI-NCSCs) for 7 days. The results suggest that the combination of EGF-FGF2 stimulates the proliferation and improves the neuronal potential of EPI-NCSCs. In order to explore if EGF alone can has the same stimulating effect to cell growth, we planned this study and the results of our study were in consistent with previous studies. In our study, we used 0 ng/mL, 20 ng/mL, 200 ng/mL EGF, then the EGF represented the promoting role indeed and revealed 20 ng/mL was the best condition for cells.

All these experiments possessed to aim at getting more cells at the initial stage. After treated by three different media, the cells showed different reactions. Therefore, this study can be utilized as the foundation for the future experiments.

CONCLUSION
==========

Collectively, the results of this study indicate that FBS play the main role in primary cell acquisition and proliferation. Growth factors like rhEGF just have the additional effects and VD3 has little effect on cell proliferation. Based on this study, people can do extensive research about changing other media components to increase primary isolated cell number and cell proliferation.
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![Primary isolated mBMMSCs cultured in 0%, 1%, 5%, 10%, 20% FBS medium for 14 days to do colony forming unit (CFU) assay. (A-E) show the mBMMSCs cultured in 0%, 1%, 5%, 10%, 20% FBS medium after 14 days by microscope. Magnification ×100. And (a-e) is magnification ×200.](jap-6-379-g001){#F1}

![The images show the colonies stained by toluidine blue after 14 days of primary cultured in 0%, 1%, 5%, 10%, 20% FBS medium.](jap-6-379-g002){#F2}

![Primary isolated mBMMSCs cultured in 0 nM, 1 nM, 10 nM, 100 nM VD3 medium for 14 days to do colony forming unit (CFU) assay. (A-D) show the mBMMSCs cultured in 0 nM, 1 nM, 10 nM, 100 nM VD3 medium after 14 days by microscope. Magnification ×100. And (a-d) is magnification ×200.](jap-6-379-g003){#F3}

![The images show the colonies stained by toluidine blue after 14 days of primary cultured in 0 nM, 1 nM, 10 nM, 100 nM VD3 medium.](jap-6-379-g004){#F4}

![Primary isolated mBMMSCs cultured in 0 ng/mL, 20 ng/mL, 200 ng/mL EGF medium for 14 days to do colony forming unit (CFU) assay. (A-C) show the mBMMSCs cultured in 0 ng/mL, 20 ng/mL, 200 ng/mL EGF medium after 14 days by microscope. Magnification ×100. And (a-c) is magnification ×200.](jap-6-379-g005){#F5}

![The images show the colonies stained by toluidine blue after 14 days of primary cultured in 0 ng/mL, 20 ng/mL, 200 ng/mL EGF medium.](jap-6-379-g006){#F6}

![The results of colony forming unit assay for 0%, 1%, 5%, 10%, 20% FBS after 14 days of primary cultured. The data are expressed as the mean ± SD of triplicate determinations (^\*^*P*\<.05).](jap-6-379-g007){#F7}

![The results of colony forming unit assay for 0 nM, 1 nM, 10 nM, 100 nM VD3 after 14 days of primary cultured. The data are expressed as the mean ± SD of triplicate determinations (*P*\>.05).](jap-6-379-g008){#F8}

![The results of colony forming unit assay for in 0 ng/mL, 20 ng/mL, 200 ng/mL EGF after 14 days of primary cultured. The data are expressed as the mean ± SD of triplicate determinations (^\*^*P*\<.05).](jap-6-379-g009){#F9}

![Primary isolated mBMMSCs cultured in 0 nM, 1 nM, 10 nM, 100 nM VD3 medium for 14 days. The results of MTS assay for VD3 after 1 day, 4 days, 7 days, 10 days and 14 days of primary cultured. The data are expressed as the mean ± SD of triplicate determinations (*P*\>.05).](jap-6-379-g010){#F10}

[^1]: ^a^These authors contributed equally to this work.
